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for a long period of time. 

Examples of a pH control agent which can be used include alkanolamines such as mono, di- and 
tnethanolamine; and hydroxides of alkali metals, such as sodium hydroxide, potassium hydroxide and 
lithium hydroxide. 

The water-based pigment ink of the present invention can contain a suitable amount of additives such 
as a viscosity control agent mildewproofing agent or rustproofing agent, which are generally used for this 
kind of ink. " 

Further, to the water-based pigment ink of the present invention can optionally be added a water- 
soluble resin (e.g., a low condensate of vinyl pyrrolidone. a water-soluble alkyd resin or a water-soluble 
acrylic resin), an alcohol-soluble resin (e.g., phenol resin, acrylic resin, styrene-maleic resin or ketone 
resin), in order to impart gloss to the printed matter or the written letter. It is preferred that a weight ratio of 
the water-soluble or alcohol-soluble resin to the carbon black is not more than 1/10 in view of the jetting 
stability of the water-based pigment ink. 

According to the present invention, the carbon black which was highly oxidized and which has excellent 
water dispersibility as compared with commercially available acidic carbon black as a colorant is provided. 
The present carbon black has an increased amount of a polar-group (e.g., a phenolic, hydroxyl or carboxyl 
group) and has an enlarged surface area. 

The present water-based pigment ink therefore has excellent dispersion stability for a long period of 
time, even if it does not contain a pigment-dispersed resin, a surfactant or the like, or even if it is not 
20 treated with a mechanical disperser. 

"Hie present water-based pigment ink has good recording/writing characteristics and it may nrpf 9ra bly 
be employed for ah ink-jet printer for high-speed printing and a writing implement for fast writing. The 
present water-based pigment ink hardly provides blurred printing or writing, even if it is used in such a 
disadvantageous condition. 

25 The resulting printed matter has improved fastness (i.e.. light and water fastness) as compared with 
those obtained by water-based dye ink. Furthermore, the printed matter has a density equal to or superior 
to a water-solubie black dye, because the carbon black may be contained at high concentration in the 
present water-based pigment ink. 

30 EXAMPLES 

The following Examples and Comparative Examples further illustrate the present invention in detail. ' 
Example 1 
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After 300 g of commercially available acidic carbon black having a pH of 3.5 (MA-100, manufactured by 
Mitsubishi Kasei Co., Ltd.) was sufficiently mixed with 1000 ml of water, 450 g of sodium hypochlorite (an 
effective chlorine content of 12%) was added dropwise and the mixture was stirred at 100 to 105-C for 10 
hours. The resulting slurry was filtered through a Toyo filter paper No. 2 (manufactured by Advantis Co ) 
and washed with water until the pigment particle leaked out. This wet cake of the pigment was dispersed 
again in 3000 ml of water and desalted with a reverse osmosis membrane until electroconductivity of the 
dispersion became 0.2 uS. The resulting pigment dispersion (pH 8 to 10) was concentrated to have a 
pigment content of 10% by weight 

The resulting pigment dispersion was acidified with aqueous hydrochloric acid, purified with a mem- 
brane again, concentrated, dried and pulverized to give a powder of oxidized carbon black. The surface 
active hydrogen content of the oxidized carbon black was measured as described above. As a result it was 
about 2.8 mmol/g. 

Example 2 



50 



5 Parts of ethanol and 5 parts of 2-methylpyrroIidone were added to 50 g of the pigment dispersion 
obtained in Example 1, and water was further added until the total weight became 100 g to obtain water- 
based pigment ink. The viscosity of this ink was not more than 1.8 mPa»s/25'C and the average particle 
size of the carbon black was 150 nm. The average particle size of the oxidized carbon black was measured 
55 with a laser beam diffusion grain size distribution measuring apparatus (LPA3000/3100, manufactured by 
Otsuka Denshi Co., Ltd.). 

This ink was then loaded to an ink-jet printer having a normal nozzle for water-based dye ink (HG5130, 
manufactured by Epson Co.) and printed to a piece of paper. As a result jetting of the Ink was stable, and 
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Comparative Example 1 • 

8S Comparative Example 2 

To 100 g of an acidic carbon black having a pH of 3.5 (MA-100. manufactured by Mitsubishi Kasei Co \ 
100 g of an aqueous acry.ic resin solution (Johncry, ^ manufa ctured by Johnson ^er Co^d 3O0 
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g of water were added, and the mixture was dispersed for 5 hours using a horizontal beads mill to give a 
dispersion having an average particle size of 150 nm. 

5 L°l 6th T° l and 5 9 ° f 2 - meth y , PyTOlUone were added to 25 g of the resulting dispersion, and water 
was added until the total weight became 100 g to obtain water-based pigment ink. 

The viscosity of the water-based pigment ink was 4 mPa-s/25-C and dispersion stability was good. 
This ink was loaded to an ink-jet printer having a normal nozzle for water-based dye ink and printed to a 
piece of paper. As a result, jetting stability of ink became poor, gradually, and printing density also became 
low. 

The ink-jet printer was left for several hours at room temperature in order to dry its nozzle. The printing 
procedure was repeated as described above after the leaving. As a result, the water-based pigment ink set 
and the pnntlng density further became iow. Upon repeating this printing procedure, jetting of the ink 
stopped irregularly, and thereafter it stopped completely. 

Comparative Example 3 



According to the same manner as described in Comparative Example 2 except for adding 10 g of 
diethylene glycol, 10 g of 2-methylpyrrolidone and 55 g of water in place of 5 g of ethanol 5 g of 2- 
methylpyrrolidone and 65 g of water, water-based pigment ink was prepared. The printing density of this ink 
is low. but it can be employed for printing repeatedly and did not cause failure of jetting at the nozzle 
20 This ink was then preserved at 50 'C for one month and the average particle size and the viscosity 
were measured. As a result, the average particle size increased to 200 nm and the viscosity increased to 7 
mra.s/25'C. me preserved ink was dispersed again with stirring and printed by the ink-jet printer. As a 
result, a nozzle of the ink-jet printer was clogged with the agglomerated pigment and jetting of the ink 
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stopped. 
Comparative Example 4 

Neutral carbon black, which was not oxidized (45 L. manufactured by Mitsubishi Kasei Co.) was 
dispersed in 30 ml of water and 5 g of sodium hypochlorite (an effective chlorine concentration of 12%) was 
added, and then the mixture was left at room temperature (20 to 25 *C) for 24 hours. Thereafter, the 
supernatant formed was removed, and the precipitated cake of carbon black was dispersed in methanol and 
filtered. 

The reaction solvent was substituted with methanol by repeating this procedure, and side produced salt 
was completely removed, followed by drying to give a powder of oxidized carbon black. 

Jo 5 g of the resulting oxidized carbon black (pH 8). 85 g of water. 5 g of ethanol and 5 g of 2- 
methylpyrrolidone were added to have the total weight of 100 g. and the mixture was then sufficiently 
stirred to g.ve a water-based pigment ink. The ink formed a supernatant by standing, and it can not be 
employed for printing. 

As shown in the following Table 1; the surface active hydrogen content and water dispersibility of the 
oxidized carbon black obtained in Examples 1 and 3 of the present invention, a commercially available 
acidic carbon black (MA100. 2400B and 4SL, manufactured by Mitsubishi Kasei Co.. Ltd.) and an acidic 
carbon black [Color black FW200 (trade name), manufactured by Degsa Co.] were compared. 

The content of the active hydrogen of the oxidized carbon black obtained in the present invention was 
about 2.0 mmol/g or more. To the contrary, the active hydrogen content of MA100. 2400B and 45L was 
about 0.13 mmol/g, 0.58 mmol/g and 0.16 mmol/g. respectively. 

The water dispersibility of the carbon blacks' was then evaluated by measuring the stability in water 
over the time. As a result, the carbon black obtained in the present invention. dispersed in water rapidly and 
finely, and was stable even after standing for 60 days. On the other hand, the commercially available 
carbon blacks floated on the water surface at the initial stage of dispersing, or precipitated with time. 

As descnbed above, the active hydrogen content of the carbon black in the present water-based 
pigment ink is considerably large as compared with a conventional product Therefore, it is reasonable that 
the present water-based pigment ink of the present invention is marvelously superior in water dispersibility 

The average particle size of the carbon black contained in the present water-based pigment ink may be 
controlled to approximately 150 nm in a simple water-based system without dispersing for long time while 
applying a strong shear using various dispersing apparatuses, and without the presence of a dispersion 
resin and dispersant 

It was also observed that the secondary agglomerated carbon black (so-called agglomerate in liquid) 
was finely dispersed because the polar group of the surface was sufficiently miscible with water. 
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Carbon black 


Water dispersibility 


Surface active hydrogen content (mmol/g) 




Acidic cond. 1 


Alkaline cond. 




Affin. 2 


Stabil. 3 


Affin. 


Stabil. 




Ex.1 ~" 

Ex.3 
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> 60 day 
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< 10 min 
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< 1 min 
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> 60 day 
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< 10 min 

< 2 min 
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MOD 
V*CU CO 

ca. 2.5 
ca 1.2 
ca. 0.58 
ca. 0.13 
ca. 0.06 



2 Affinity 

Stability [Evaluation] 

© : Dispersed rapidly and finely and is superior in water affinity. 
A: Dispersed but poor in water affinity. 
X : Not dispersed in water at all. 



Claims 

25 1 " ^iTh^ Pi9me ? "* ? ° mPriSln9 W3ter "* Carbon b,ack ' wherein said <*rbon black has a surface 
active hydrogen content of not less than 1 .5 mmol/g. 

* SL^fi 3 !^ t f m T ink u accord5n 9 10 cIaim 1. wherein the carbon black has a surface active 
hydrogen content of not less than 2.0 mmol/g. 
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* a^u W nfof r ^r n d irH ^ ink s! C . C6rd ? 9 * 1 W * " he ™ *• carbon b,fck is c ° ntain ^" an 
amount of 0.1 to 50% by weight based on the total weight of the water-based pigment ink. 

JJ r? 0 r ?r d Pi9 h ?K nt IS aCC ? rdi " 9 10 Claim 3> Wherein carbon black is contain <* in an amount 
of 1 to 20% by we.ght based on the total weight of the water-based pigment ink. 

"SSS^ P ; 9ment j nk ^° rdin 9 to ^ ° f c,ai ™ 1 to 4. wherein the average particle size of the 
carbon black is not more than 200 nm. 



" 6 " ^k~re SEE 10 * fa 5 - Wherei " ■» ^ ^ «*> - - carbon 

7 ' Hl!,rc 3ter " baS f d P 5 m8nt ink aCC ° rdin9 10 "* of c,aims 1 10 6 - wherein ^ least a part of the carboxyl 
^ groups present on the surface of the carbon black forms a carboxylic acid saft with an alkali metal. 

8. A process for producing a water-based pigment ink comprising the steps of- 

(a) providing acidic carbon black; and 

(b) .oxidizing the acidic carbon black with a hypohalite salt in water. 

60 9 * ^ P ^ eSS i 0f , pr0ducin 9 w «er-based pigment ink according to claim 8. wherein the acidic carbon 
black has a pH of not more than 6. 

? a r k P hT SS i 0r < pf0 ? UCin9 ^ter-based pigment ink according to claim 9. wherein the acidic carbon 
black has a pH of not more than 4. 
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11. The process for producing water-based pigment ink according to any of claims 8 to 10, wherein the 
hypohalite salt is sodium hypochlorite and/or potassium hypochlorite. 
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12. The process for producing water-based pigment ink according to any of claims 8 to 11 further 
compnsing the step of: 

(c) washing with water; and 

(d) purifying and concentrating with a separation membrane having a pore diameter of not more than 
s 0.01 um. 
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